Italian Society of Cardiovascular Echography (SIEC) Consensus Conference on the state of the art of contrast echocardiography.
Part 1: Technical and methodological issues. Contrast echocardiography is based on the use of gas microbubbles. The size, gas composition and shell structure of the microbubbles modify their stability, resistance to pressure and scattering behavior. A proposed classification of contrast agents is based on the modalities of production of microbubbles (galenic or industrial); the industrial agents are divided into three generations depending on their characteristics. Following venous administration, the industrial microbubbles behave as intravascular free-flowing tracers and this is fundamental for their use in perfusion studies. When insonated at a low acoustic pressure, microbubbles show a linear behavior and can be used for signal amplification. At intermediate acoustic pressures microbubbles resonate and produce a harmonic signal that is detectable by new scanners. Higher acoustic pressures cause microbubble disruption with emission of a transient acoustic signal. The available contrast agents behave differently in an ultrasound field. Part 2: Safety of contrast echocardiography. Galenic contrast agents were tested in many studies for intracoronary and intravenous injection and no clinically relevant side effects were detected. The intravenous injection of industrial contrast agents is safe in all conditions, even in acute coronary syndromes. The interaction between ultrasound and microbubbles produces energy with potential effects on tissue for inertial cavitation and acoustic current production. These effects seem particularly interesting for the therapeutic applications of contrast echocardiography, but they do not appear to have clinically relevant effects. Part 3: Experimental studies. Experimental studies in contrast echocardiography are designed to induce, in animal models, acute myocardial infarction and coronary artery stenosis and to evaluate the differences in blood flow. The risk area and infarct area are well visualized with serial contrast agent infusion. No-reflow after coronary occlusion is a well-known phenomenon and is detectable at contrast echocardiography. Different degrees of induced coronary stenosis cause differences in the regional flow rate. The results of contrast echocardiographic studies are comparable with those of other invasive flow measurements. Caution must be used to transfer the knowledge acquired from animal studies to the clinical arena, owing to both methodological and anatomical differences. Part 4: Enhancement of Doppler signal and coronary flow study. The anterior descending coronary artery flow is detectable in almost all patients, and the posterior descending coronary artery in about 70%. The coronary flow reserve can be measured by injection of a vasodilator agent (dipyridamole or preferably adenosine) with a success rate of almost 100 % for the anterior descending but only 50 % for the posterior descending coronary artery. Data from transthoracic studies are comparable with those of Doppler flow wire. The fields of application presently include the evaluation of acute myocardial infarction, the short- and long-term results of percutaneous coronary interventions and coronary grafts, and the study of the microcirculation in several clinical conditions where the coronary flow reserve may be reduced, such as in syndrome X, hypertension, hypercholesterolemia or diabetes. Part 5: Endocardial border enhancement. Opacification of the left ventricle is the main indication to contrast echocardiography that, in this setting, is principally used to improve endocardial border delineation. This allows accurate evaluation of left ventricular volumes and function, increasing the role of echocardiography for the quantitative study of the left ventricle. Other indications for left ventricular opacification are the identification of intraventricular thrombosis, non-compaction of the left ventricle and heart rupture. In this respect, industrial second-generation contrast agents are more useful. The most appropriate patients for contrast echocardiography are those with a poor or suboptimal acoustic window, in whom a predictable diagnostic and prognostic usefulness of the procedure is expected. If appropriately used, contrast echocardiography is a cost-effective technique, although lack of reimbursement presently limits its use. Part 6: Use of contrast agents during stress echocardiography. Contrast agents during stress echocardiography may be used to improve the diagnostic accuracy of the test and to study myocardial perfusion. The diagnosis of ischemia in stress echo relies on the operator's visual assessment of changes in contractility during stress. Contrast agents must be considered an important tool that improve image quality especially in patients with an intermediate or poor acoustic window and their use has been reported to be cost-effective in the few studies designed to this end. The evaluation of myocardial perfusion during stress is certainly one of the most important goals of contrast echocardiography. Preliminary data are interesting but there is still a number of methodological problems that currently hamper clinical application. Part 7: Myocardial perfusion. Echocardiography has the potential of visualizing microbubbles in the microcirculation by detecting stimulated acoustic emission, produced by high-energy applied ultrasound, or by detecting the harmonic signal produced by resonance of the microbubbles in a low-energy ultrasound field. In the first case images are triggered at increasing end-systolic intervals (intermittent imaging), whereas in the second case entire cardiac cycles are analyzed (real-time imaging). Continuous infusion is the preferred method of maintaining a large and constant microbubble concentration inside the microcirculation. Analysis of the perfusion signal may be made in the qualitative, semi-quantitative or quantitative mode. Quantitative analysis is based on the construction of videointensity-time curves to study the refilling phase after complete microbubble destruction. There are not enough data in the literature showing the additional role of quantitative analysis for clinical purposes. Thus, at present, quantitative softwares should be considered as research tools. Conversely, there is a general consensus based on experimental and clinical studies on the use of myocardial contrast echo in patients with acute myocardial infarction by means of qualitative or semi-quantitative analysis. Important information on the infarct area extension, on the efficacy of reperfusion therapy, on the presence and extension of the no-reflow phenomenon and on the extent of residual tissue viability may be derived from the routine use of myocardial contrast echo. The reference technique still remains myocardial scintigraphy even though many theoretical problems are being discussed. Part 8: Implementing ultrasound contrast in the echocardiography laboratory. Contrast echocardiography should be considered an extension of the existing echocardiographic examination. Standard laboratory equipment is sufficient to run a contrast echocardiography program. However, cultural and technological upgrading is mandatory to obtain good results in contrast echocardiography. Intravenous infusion is easier during stress echocardiography than during rest study, because the time and cost for the venous line are comprised. In this setting, the cost-effectiveness for the addition of contrast agent is optimal, but patient selection is a critical point. The economic issue (contrast agent and personnel costs, and time needed) of contrast echocardiography determines the fact that without adequate reimbursement there is no incentive to perform the procedure.